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Abstract. The main aim in the current survey is to suggest models of the development of structures, 
such as vortices and spirals, in accretion white dwarf’s binaries. Numerical methods and simulations are 
applied on the bases of hydrodynamic analytical considerations. It is suggested in the theoretical model 
the perturbation’s parameters of the accretion flow, which are caused by the influences of the tidal wave 
over the flux of accretion matter around the secondary star. The results of numerical code application on 
the disturbed flow reveal an appearing of structure with spiral shape due to the tidal interaction in the 
close binaries. Our further simulations give the solution, which expresses the formation of vortical 
configurations in the accretion disc’s zone. The evolution of vortices in areas of the flow’s interaction is 
explored using single vortex and composite vortex models. Gas in the disc matter is considered to be 
compressible and non-ideal. The longevity of all these structures is different and each depends on the 
time period of the rotation, density and velocity of the accretion matter.  
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INTRODUCTION 
One of the energy sources in binary stars systems with white dwarfs is the accretion 
process. The vortices and spirals are known as the efficient mechanisms of angular 
momentum transportation, which are studied by many authors. Petersen et al. [1], 
Klahr and Bodenhiemer [2] investigated the growth of vortices in disc via the 
baroclinicity conditions, using numerical methods. Johnson and Gammie [3] have 
performed series of runs with zero initial vorticity and perturbation wavelengths and 
give one possibility of what generates it. Sawada, Matsuda and Hachisu have 
presented in [4], by using numerical methods, the appearing of spiral shock waves, as 
tidally induced shocks. Spiral structures in white dwarfs are detected by Steeghs et al. 
[5]. The observational proofs of the existence of structures are based on the indirectly 
methods, such as the Doppler Tomography, developed by Marsh in [6]. Our results of 
tomography are reviewed in the Discussion chapter.  
 
 
Description of Set of the Equations and Methods  
The character of interaction between the flow of matter and envelop of two star’s 
components brings to the necessity of applying the equations of gasdynamics. We are 
using the well-known gas-dynamical equations, which are given previously by many 
authors [7], [8]: equation of mass conservation; Navier-Stokes equations, which takes 
a principal role in our calculations and given by Thorn in [9]; energy balance equation 
for a viscous non-ideal fluid, equation of the angular momentum conservation and 
equation of state for compressible flow. We obtained the expression, known as the 
vortical transport equation the way it was generated by Nauta in [10]. 
The applying of numerical methods is necessary for the calculations herewith and 
they are in accordance with mathematical software, supporting the examinations here. 
We apply the method of Runge-Kutta in the combination with “Alternating direction 
implicit method” (ADI), [11] and [12]. Free boundary conditions were considered on 
the outer disc edge, where the density is defined to be constant: 1
810 Lout ρρ −= , where 
1Lρ  is the density of the inner Lagrangian point ~ 1L . We adopted the spherical form 
of the place of interaction, with a free radius. The most appropriate theoretical method 
to examine the transitional states of stability or instability in the considering system is 
based on bifurcation analysis [13].  
Results 
The changes in mass transfer rate and interaction of the flows in the binary may 
cause disturbances in the flow parameters. We study the perturbation quantities of 
velocity and density, as we applied perturbation function on the Navier-Stokes 
equations. The results are published in [14].  
Vorticity undulations in the accretion disc area 
We use the baroclinicity character of the accretion flow, which is in the relation of 
non-conservancy form of the vortical transport equation. As a result, we present the 
simulation of vortex kind of pattern growth in plane of the disc zone. The picture’s 
frames are visualizing a covered range of about 7.687 × 10-6 AU to 6.68 × 10-5 AU 
that is the boundary area of performing the calculation.  
The development of such vortices passes through three stages, following the runs of 
calculations. First, a distortion of the luminary flow is observed. In the next series, the 
layers in the examined area undergo weekly undulation. Finally, the values of density 
and velocity during the last calculation time range confine to the stage of the vortex 
evolution in some steady period of their development, when they are “ready” for the 
angular momentum transportation. Similar results were published in [15]. 
Formation of spiral-like structures 
We are studying tidally generated spiral waves that are the result of interaction of 
the inflow stream, coming from the donor with the matter of the accretor.  
 
  
 
 
 
 
 
 
 
FIGURE 1.  Spiral’s formations in the disc flow area. The figure shows the development of one spiral 
arm, when the gas is hot in two stages of spiral’s development. 
 
The gas in the disc is considered to be hot and then the solutions show appearing of 
one-arm spiral-like wave structure. As seen in Fig. 1 that this wave may be penetrated 
into the inner parts of the disc’s configuration.  The figures show spiral’s formations, 
as the separated from the whole disc images. This way, the form of the wave is more 
decipherable, Fig.1.  
Structure’s formation as a result of the Turing bifurcation method 
According to the spatial-temporal characteristic of the exploring formations, 
applying the method of the so-called Turing bifurcation is the most appropriate. We 
carry out an expression, which is an analogue of the structure formation and it follows 
the model of the “reaction-diffusion” type equation of [16]. The right hand-side of the 
equation gives the combination of the reaction part, confirmed to the established disc’s 
structure and the diffusion part, related to the angular momentum distribution. We 
carry out the next view of the equation, describing the cause and effect of the 
structure’s changes in the disc: 
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where: Ψ - is the vorticity; D - is the diffusion coefficient ( or transport coefficient); 
v  - is the velocity of the flow. Analysis of Eq. 1a, 1b gives us the difference in values 
of the diffusion coefficient components: ϕD.Dr 752≈ . This result points to the 
necessary condition for the appearing of Turing bifurcation. Further activity of Turing 
bifurcation may cause an appearing of spherical 3D structures of vortical type.  
CONCLUSION 
By using the methods of numerical calculations in a combination with the gas-
dynamical equations, bifurcation analysis and observational methods we obtained the 
results, which give us a physical explanation of the morphology of the accretion gas 
flow. Tidally interaction of the inflow from donor star with the matter of circumdisc 
halo causes development of spiral density wave, as one-armed model for the hot disc 
and of two-dimensional vorticity development in outer disc edges, by applying 
numerical methods and mechanisms of Turing bifurcation.  
Using the technique of Doppler Tomography as the observational method in a 
combination with the gas-dynamical simulation, we confirmed that the spiral 
structures in the accretion disc in the white dwarfs close binaries are the main elements 
of the flow. We have derived Hβ and Hγ Doppler tomograms for SS Cyg in its active 
state from spectral observations of the star, see papers [17], [18].  
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